Study Design. Test-retest design to examine interrater reliability.
The difficulty in identifying a pathoanatomic cause for most patients with low back pain (LBP) has prompted efforts to identify alternative methods of subgrouping, or classifying, affected individuals. [1] [2] [3] Many have argued that classification methods are needed to more effectively direct treatment and improve research efficiency. 4 -6 For physical therapists treating patients with LBP, the goal of the evaluation process is to identify a subgroup, or classification, based on examination data, which should direct the therapist toward interventions that are most likely to benefit the patient. 7 Delitto et al 8 have proposed a treatment-based classification system designed to guide the treatment of patients with LBP. The system proposes 4 classifications for patients with higher levels of disability, each with a distinct set of examination findings and associated intervention strategy thought to optimize outcomes for patients in the category ( Figure 1 ). 8 -10 The clusters of examination findings used to make classification decisions were principally derived from expert opinions 11 and available information on the reliability of examination items. 11, 12 Likewise, intervention strategies were determined based on expert opinion in conjunction with limited available evidence. Despite reliance on opinion, randomized trials have provided preliminary evidence that treating patients with LBP using a classification approach can result in better clinical outcomes when compared with treatment strategies that are not classification based. [13] [14] [15] Recent studies have provided further evidence that should inform the subgrouping decisions. Some of the intervention strategies advocated by the classification system have been supported by subsequent evidence, 16 -21 while the effectiveness of others remains uncertain. In addition to research examining interventions, further evidence has emerged on the examination findings that may be associated with favorable responses to these interventions. Examination factors related to succeeding or not succeeding with stabilization, manipulation, and specific exercises have been reported in previous studies (Figure 2) . 19, [21] [22] [23] [24] Based on this recent evidence, we developed an updated classification decision-making algorithm (Figure 2 ). This algorithm was used as the basis for classification decision making in a recent randomized trial of physical therapy interventions. 24a The purposes of this article were to examine the: (1) interrater reliability of many of the individual examination items included in this algorithm, and (2) interrater reliability of the classification decision-making algorithm using physical therapists with varying levels of experience.
Methods

Subjects.
Subjects for this analysis were participants in a randomized clinical trial designed to test the hypothesis that patients with LBP who received interventions matched to the patient's classification would have better outcomes than those receiving unmatched interventions. The results of the trial are reported elsewhere. 24a Inclusion criteria were age 18 -65 years, referred to physical therapy with a primary complaint of LBP less than 90 days in duration with or without referral into the lower extremity, and an Oswestry score Ն25%. Patients were excluded if a lateral shift or acute kyphotic deformity was visible, if symptoms could not be reproduced with lumbar range of motion (ROM) or palpation, or when signs of nerve root compression were present (positive straight leg raise test, and reflex or strength deficits). Patients who were pregnant or had undergone prior surgery to the lumbosacral region were also excluded. The institutional review board of Intermountain Health Care approved the study, and all patients provided informed consent before participation. A total of 123 patients were included in the trial. Mean age was 37.7 (Ϯ10.7) years, 44% were female, and median symptom duration was 16 days (range 1-90). Further patient information is provided in Table 1 .
Baseline Examination Procedures.
Once admitted, all patients completed several self-report measures followed by a physical examination. The self-report measures included the modified Oswestry questionnaire to assess disability related to LBP, 25 an 11-point pain rating scale to assess current pain intensity, 26 and the Fear Avoidance Beliefs Questionnaire 27 to assess fear of movement and tendency to avoid activities related to work and physical activity. Demographic information col- After completing the self-report measures, all patients underwent a standardized physical examination performed by a research assistant who was a licensed physical therapist trained in all study procedures. The examination included necessary variables for determining the patient's classification based on the algorithm. A single inclinometer was used to measure total flexion and extension, and straight leg raise ROM using previously described techniques. 28, 29 Lumbar active range of motion (AROM) was assessed with the patient standing. Centralization or peripheralization with AROM was also recorded. Patients were also asked to perform repeated (i.e., 10 repetitions) extension AROM in standing, repeated flexion AROM in sitting, and sustained (i.e., 30 seconds) extension in prone. Centralization or peripheralization occurring with these tests was recorded.
The presence of any aberrant movement patterns during flexion/extension AROM was noted. Aberrant movements included the presence of a painful arc, 30 an instability "catch," 31 or an alteration in normal biomechanics or use of external support when returning from a fully flexed position (e.g., "thigh climbing"). 32 The prone instability test was performed with the patient prone on a table with the legs over the edge and the feet resting on the floor. While in this position, the examiner applied a posterior-to-anterior (PA) force over each lumbar spinous process, noting any provocation of pain. If painful segments were identified, the patient was instructed to lift the legs off the floor, contracting the hip and lumbar extensor muscles. The PA forces were reapplied to the painful segments. The test was judged positive if pain provoked during the first part of the test could not be provoked in the second part. If there was no pain provocation during the first part, or pain provocation remained in the second part, the test was negative. 33, 34 Lumbar mobility was assessed with the patient prone. The therapist applied a PA force over each spinous process of the lumbar spine. Each segment was judged either hypomobile, normal, or hypermobile based on the therapist's expectations and mobility of adjacent spinal levels. The presence of pain, either local (directly under the therapist's hand) or distant, with PA assessment of each lumbar level was recorded.
Purpose No. 1-Determining Reliability of Individual Examination Variables. After completion of the baseline examination, patients were randomized into 1 of 3 intervention groups (manipulation, specific exercise, or stabilization) and referred to physical therapy. Before any treatment, all patients were reexamined by a second licensed physical therapist trained in all study procedures but blind to the results of the baseline physical examination. The second therapist repeated all examination procedures, with the exception of lumbar mobility, which was not included in the second examination in the study protocol. After completing the second examination, the patient began the study related interventions.
Purpose No. 2-Determining the Reliability of the DecisionMaking Algorithm. Within the design of the randomized trial, patients were not treated based on the results of the baseline examination but were randomized to an intervention group. The classification of the patient was determined after completion of the intervention period based on the results of the baseline examination to determine if the patient received an intervention that was matched or unmatched to his or her classification. To determine the classification, each patient's baseline examination findings were reviewed by therapists with varying degrees of clinical experience and experience with the classification system. All therapists were instructed to use the classification decision-making algorithm to determine the classification for each case (manipulation, specific exercise, or stabilization) and were provided with the baseline examination variables listed in Table 2 .
A total of 30 licensed physical therapists participated in interrater reliability assessment of the decision-making algorithm. There were 10 designated as "expert" based on having used the system clinically and participated in research involving the system. Ten therapists with at least 5 years of clinical experience in orthopedic physical therapy, who had not participated in any research or received any previous instruction in the classification system, were designated as "experienced." There were 10 therapists designated as "novice" based on having less than 5 years of clinical experience and no prior instruction or research participation involving the classification system. The 10 therapists in each category were paired. The 123 patients were randomly divided into 5 groups of 24 or 25. One pair of expert, experienced, and novice therapists were assigned to each group of cases, and asked to make a classification decision using the algorithm and baseline examination information provided. All therapists remained blind to the classification decisions of the other therapists.
Data Analysis. Interrater reliability of the baseline examination factors was examined by comparing the results of the baseline examination to those from the initial examination in physical therapy among patients who remained stable between the examinations. Stable patients were defined as those having Յ6 points of change on the Oswestry questionnaire between examinations. Six points has been identified as the minimum clinically important difference on the Oswestry questionnaire, 25, 35 therefore, patients having more than 6 points of change were excluded from the reliability analysis. For categorical baseline variables, percent agreement and kappa coefficients with 95% confidence intervals (CIs) were calculated. 36 Weighted kappa coefficients were calculated for ordinal variables (centralization/peripheralization judgments). For continuous variables, intraclass correlation coefficient model (2,1) statistics with 95% CI were calculated. 37 Interrater reliability of the classification decision-making algorithm was examined with percentage agreement and kappa coefficients for each pair of raters, and for groups of expert, experienced, and novice raters.
Results
A total of 60 patients (49%) remained stable between the baseline and second examination, and were included in the interrater reliability analysis. Included patients had an average Oswestry questionnaire change between examinations of 0.90 (Ϯ3.6) points. Patients included in the reliability analysis averaged fewer days between examinations than excluded patients (3.4 vs. 4.5 days, P ϭ 0.03), had higher baseline pain intensity (5.9 vs. 5.0, P ϭ 0.01), and were less likely to have a prior history of LBP (53% vs. 79%, P ϭ 0.002). Included and excluded patients did not differ on any other baseline characteristic ( Table 1) . The interrater reliability coefficients were at least moderate for all ROM measurements, the prone instability test, and judgments of centralization/ peripheralization with flexion and extension ROM (Table 3). Reliability of centralization/peripheralization with repeated or sustained extension movements and judgments of aberrant movements were fair or poor.
The characteristics of the therapists participating in the interrater reliability assessment of the classification decision-making algorithm are included in Table 4 . The overall percent agreement for all pairs of examiners was 75.9%, with a kappa coefficient of 0.60 (95% CI 0.56, 0.64). Kappa coefficients for paired raters ranged from 0.43 to 0.87, with percent agreements ranging from 58.3% to 91.7%. Kappa values ranged between 0.44 and 0.76 for novice therapists, 0.43 and 0.62 for experienced therapists, and 0.52 and 0.87 for expert therapists. For each of the 5 sets of patients, no significant differences in kappa coefficients were noted among the different groups of therapists. Expert therapists had an overall percent agreement of 82.9% and a kappa of 0.64 (95% CI 0.53, 0.76), which was not significantly different than the overall kappa of the experienced (0.54, 95% CI 0.42, 0.66, percent agreement 69.1%) or novice therapists (0.62, 95% CI 0.50, 0.74, percent agreement 75.6%) ( Table 5) .
Discussion
All classification methods should be critically reviewed and updated as new evidence emerges. 38, 39 An important aspect of the overall validity of a classification system is its reliability. If a system is to be reliable, it must contain individual examination items that can be measured in a consistent manner, and it must use decision-making algorithms that can be applied consistently by different examiners. In this study, we examined these 2 components separately, permitting an assessment of potential sources of diminished reliability. Many individual examination items showed good reliability, however, the interrater reliability of judgments of centralization with repeated or sustained extension movements, and judgments of aberrant movements were only fair. These determinations are important for the specific exercise and stabilization classification, respectively. There are several possible explanations for the poor reliability of these tests. First, it is possible that these tests are poorly defined and difficult to judge. We have attempted to standardize the operational definitions; however, there may have still been confusion on the part of the therapists making the judgments. It is also possible that the phenomena being judged with these tests are inherently unstable, and, therefore, the patient's presentation may have changed between examinations, even though the reliability assessment was limited to patients deemed stable based on Oswestry scores.
We judged interrater reliability using a pragmatic approach, with repeated assessments performed on separate occasions with at least 1 day in between. Other studies have used repeated examinations on the same day, 34,40 -42 videotapes and/or photographs, 43, 44 or concurrent examinations [45] [46] [47] to study reliability. Our pragmatic approach may tend to deflate reliability because of the passage of time, but it may best simulate the clinical reality in which patients are examined, return, and are reexamined. Studies using alternative designs have shown higher levels of reliability for judgments of aberrant movements, or centralization with repeated or sustained extension movements, 34, 42, 43, 48 suggesting these judgments can be made reliably on the same day, but the phenomena may be more labile day to day, even in apparently stable patients.
The interrater reliability of the decision-making algorithm ranged from moderate to excellent for paired therapists. Expert therapists had slightly higher agreement, but differences between the reliability coefficients for novice, experienced, or expert therapists were not statistically significant. These findings indicate that the algorithm can be understood and applied regardless of years of experience in practice or specific experience using this classification system.
The agreement among examiners reported in this study using the revised classification algorithm is somewhat higher than reported in previous studies examining the interrater reliability of this classification system. 10, 48 The improved agreement may be partly related to improvements in the clarity of the algorithm, however, it is certainly accounted for in large part by the elimination of the repeated interaction between the therapist and patient. Eliminating the use of repeated examinations permitted an estimation of the agreement related to the decision-making criteria of the algorithm, but further testing with repeated examinations is required to determine if the increased reliability of the algorithm would translate into clinical practice.
Key Points
• Subgrouping patients with LBP based on signs and symptoms has been recommended by researchers and clinicians, and supported by recent evidence as a method to improve outcomes.
• Effective subgrouping methods must be reliable between different examiners. Reliability depends on the reproducibility of both the individual examination items and the classification decisionmaking algorithm.
• Many individual examination items had acceptable interrater reliability, but some were fair or poor. • The overall classification decision-making algorithm showed good interrater reliability, regardless of the experience of the examiner.
